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Malarial  Anemia. 
Malarial infections are characterized by the early development of a 
more  or  less  severe  anemia.  As  a  rule,  the  msfivo-autumnal  infec- 
tions present the gravest manifestations.  The severity of the anemia 
and its rapid appearance have frequently been noted. 
Rossoni I states that no acute infection results in so active a  deglobulization 
as does malarial .fever, and that in all cases there is an immediate diminution in 
the number of corpuscles and the amount of hemoglobin.  Manson  2 writes: "We 
find a degree of ollgocythzemia greatly in excess of anything we might expect, or 
which  can  be accounted for by, or in  correspondence  with,  the proportion of 
corpuscles attacked and directly consumed by the plasmodium." 
Loss of Red Corpuscles  in the Intervals  between the Paroxysms. 
Each  parasite  destroys  several  red  corpuscles in  the  course  of its 
development, the result of which is not only the loss of corpuscles with 
each paroxysm, but a  loss in the intervals between paroxysms.  That 
this interval loss  has  been noted might  be  understood  from  the  fol- 
lowing observations. 
* Aided by a grant from The Rockefeller Institute for Medical Research. 
1 Rossoni,  quoted  from  Thayer,  W.  S.,  and  Hewetson,  J.,  Johns Hopkins 
Hosp. Rep., 1895, v, 60. 
Manson,  P., Tropical diseases,  a  manual'of the diseases  of warm climates, 
London, 3rd edition, 1903, 88. 
361 362  IESTIVO-AUTUMNAL MALARIAL INFECTIONS 
Thayer and Hewetson  3 state that in pernicious cases  the number of red cor- 
puscles  may fall between the paroxysms.  Marchiafava and Bignami  4 observed 
that anemia is produced in cases of pernicious fever which  are not accompanied 
by elevations of temperature, the so called  larval or masked pernicious fevers. 
They state: "Thus a patient of vigorous constitution in the first four days of a 
quotidian fever, or a remittent  fever of first invasion, may show a reduction to 
2,000,000 red blood corpuscles,  or there may even be a reduction of 1,000,000 per 
cubic millimetre within  twenty-four  hours."  Rossoni  5 states  that  the  loss  in 
hemoglobin and corpuscles is rarely evident during the paroxysm, but begins with 
apyrexia and may continue for several days afterwards.  Dionisi 6 in a  case of 
mstivo-autumnal infection observed a reduction of  500,000 red corpuscles  in 12 
hours, and he noted a fall from 3,200,000 to 2,300,000 corpuscles  during the first 
6 days of apyrexia in spite of the use of iron.  Kelsch  v saw a diminution of red 
corpuscles  as low  as 500,000 per c.mm.  This diminution occurs,  according to 
him, irregularly.  Ewing  8 noted  that  the  anemia may progress in  the  afebrile 
periods. 
I  have observed a  continued  loss of red  corpuscles in  the intervals 
between  paroxysms. 
Theories Advanced to Account for an Anemia Out of Proportion to  the 
Number of Parasites Present. 
The belief has been general that the only actual destruction of red 
corpuscles  by parasites  occurred  when  the  parasites  segmented,  the 
destruction of the corpuscles corresponding to the segmentation of the 
parasites.  Therefore when  an  anemia occurred out  of  proportion  to 
the number of parasites present, provided each parasite destroyed but 
one corpuscle,  certain  theories were formulated  to  account for it. 
8 Thayer, W. S., and Hewetson, J., Johns Hopkins Hosp. Rep., 1895, v, 57. 
* Marchiafava, E.,  and Bignami, A.,  in  Stedman,  T. L., Twentieth  century 
practice, New York, 1900, xix,  187, 188. 
6Rossoni,  quoted  from  Thayer,  W.  S.,  and  Hewetson,  J.,  Johns  Hopkins 
Hosp. Rep., 1895, v, 61. 
6 Dionisi, quoted  from Ewing, J., Clinical  pathology of the blood, New York, 
1903, 2nd edition,  459, 460. 
Kelsch, quoted from Mannaberg, J., The malarial parasites.  A description 
basedupon observations made by the author and by other observers, translation 
by Felkin, R. W., London, 1894, 384. 
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Mannaberg  9 states: "It is possible that damage to the non-infested blood cor- 
puscles is due to the parasitic poison which is dissolved in the liquor sanguinis. So 
we see that the red blood corpuscle  in malarial patients may be attacked in two 
ways, but their destruction is far more due to direct  invasion by the parasites 
than to the dissolved poison."  Marchiafava  and Bignami  1°  write:  "Nothing, 
however, forbids a belief that a special toxin of parasitic origin causes destruction 
of the red corpuscles  by a specific action of  its own  .....  although  the 
researches so  far pursued with the purpose of directly proving the existence  of 
poisons caused by the parasites have given  negative r6sults."  Thayer  n  states 
"that there may well be other substances present in the circulation which result 
in the destruction of a number of non-parasi[iferous elements."  Ewing  TM writes: 
"Many factors indicate that the post critical an*emia is'principally referable to 
globucidal action of the serum dependent upon the presence of a malarial toxin," 
one of the facts in support of this view being the  "disproportion  between  the 
anemia and  the number of parasites present."  Viola  18 believes  that  the  de- 
struction of red corpuscles  depends only in a minor degree upon the direct action 
of the parasites and to a greater extent upon their toxic products. 
As far as I  can ascertain  there has been no convincing evidence in 
support of the  above views. 
The Hemoglobin in Malarial Infections. 
Reduction  of hemoglobin out of proportion to  the loss of  red  cor- 
puscles  is  frequently  observed.  This  reduction  is  easily  explained. 
Two  facts  should  make  it. clear:  (1)  a  total  destruction  of  red  cor- 
puscles  accompanied  by  (2)  a  partial  destruction  by  the  parasites. 
There  are at all times a  certain number of parasites attached  to cor- 
puscles which  are partially decolorized by parasitic  action.  When  a 
red count and hemoglobin estimate are taken, each partially decolor- 
ized  corpuscle  counts  as  a  corpuscle,  and  there  is  a  partial  loss  of 
hemoglobin plus  the  total loss. 
o Ma~naberg, J., The malarial parasites.  A description based upon observa- 
tions made by the author and by other observers, translation by Felkin, R. W., 
London, 1894, 384. 
10 Marchiafava, E.,  and Bignami, A.,  in Stedman, T. L., Twentieth century 
practice, New York,  1900, xix,  199. 
11 Thayer, W. S., Lectures on the malarial fevers, New York, 1897, 185. 
12 Ewing, J., Clinical pathology of the blood, New York, 1903, 2nd edition, 461. 
t3 Viola,  quoted from Marchiafava, E., and  Bignami, A., in  Stedman, T. L., 
Twentieth century practice, New York, 1900, xix,  193. 364  _~ESTIVO-AUTIIM2q'AL  MALARIAL  INFECTIONS 
Migration  of Parasites in ./Estivo-Autumnal  Infections  (Figs. 1 to 93). 
It  is  practically  impossible  to  ascertain  the  total number  of  mi- 
grations in the ~estivo-autumnal infections as  so  few of  the develop- 
mental  stages  are  present  in  the  blood.  Migration  of  parasites  is 
undoubtedly going on in the internal organs with consequent loss of 
red  corpuscles.  As  stated above,  each parasite  destroys more  than 
one  red  corpuscle;  that is,  after destroying one corpuscle,  the para- 
site  migrates  to  another  and proceeds  to  destroy that.  In  the  in- 
tervals between attachments tl~e parasite is, for brief periods of time, 
free in the blood serum.  All the parasites  of one brood do not mi- 
grate  at one  time any more  than  do  all  the parasites  of  one brood 
segment at  once. 
In films containing free parasites in migration (Figs.  1 to 30,  35 to 
64,  and 66 to 69)  one finds, usually, other parasites in similar stages 
of development,  attached  to  dehemoglobinized red  corpuscles  (Figs. 
65 and 86  to 93)  or to corpuscular skeletons  (Figs. 31  to 34)  as well 
as attached to red corpuscles whose hemoglobin appears to be intact 
(Figs.  70  to 84). 
The above stages of migration, when seen in one film, indicate that 
the process  of migration is rapid and that the parasites  do not long 
remain free.  One would naturally expect an  immediate attachment 
of the parasites when the surroundings are. favorable to their growth, 
and no quinine or other injurious drug is present.  I  have seen para- 
sites attaching themselves to fresh corpuscles before they had entirely 
abandoned the dehemoglobinized corpuscles. 
Mannaberg 14 observed a tertian parasite (not a flagellating body) abandon a 
corpuscle, and he states: "It occurs with such  rapidity and in such  an unex- 
pected manner that the details cannot be  appreciated."  In  1899, Dock  15 de- 
scribed what I  believe to be migrating parasites.  In several instances  he  saw 
free parasites.  He pictures eight changes of form in a small, free, hyaline body, 
the observation  lasting 5 minutes.  He states that certain parasites  seemed to 
have an especial tendency to escape from the blood corpuscles at early periods. 
And he seemed to be in doubt as to whether the free parasites  were varieties of 
14 Mannaberg,  J., The malarial parasites.  A description based upon observa- 
tions made by the author and by other observers, translation by Felkin, R. W., 
London, 1894, 344. 
1~ Dock, G., Med. News, 1890, lvii, 61, 63. MARY  lZ.  LAWSON  365 
the forms which carry on the typical process in malaria, or whether they had an 
independent existence.  Bignami and Bastianelli 16 believed that, in the presence 
of a large number of free parasites, they had found evidence of an early destruc- 
tion by decolorization of a large number of parasitiferous corpuscles.  In 1914, 
Macfie, ~7 in a case of ~estivo-autumnal infection, observed an undoubted migra- 
tion.  He reports that a considerable  number of free parasites were seen, many 
of which appeared to be young p~rasites  which had not yet attached themselves. 
Other parasites, he states, were definitely ring-shaped,  not infrequently possess- 
ing two chromatin masses.  Undoubtedly the ring-shaped  parasites and the para- 
sites with the two chromatin masses  had been recently attached to corpuscles 
and were freed in the form which they assumed  when attached.  The parasites 
with the two chromatin masses were two parasites, which had  been attached to 
one corpuscular mound. 
In  studying migrations  it will  save  time  to work  with  the  heavy 
infections. 
Free Parasites. 
Free parasites may be found in the blood of all malarial infections. 
In  the  ~estivo-autumnal  infections  one  may  find  free  in  the  blood, 
round  bodies  and  crescents,  and  parasites  in  the  early stages  of de- 
velopment.  Instances of multiple infection of red corpuscles are more 
frequently seen in ~estivo-autumnal infections than in other malarial 
infections.  Where more than one parasite is attached to a  corpuscle, 
they  are  set  free prematurely  by  destroying  the  infected  corpuscle 
sooner than one parasite  would. 
Free parasites may be  (a)  compact,  (b)  ring-form, or  (c)  ameboid, 
and they may show delicate filaments arising from the cytoplasm of the 
parasites for the purpose of attachment to fresh red corpuscles.  Some- 
times these filaments are so delicate as to be scarcely discernible and 
one's  attention is  first attracted  to a  pigment granule in connection 
with a filament so fine that otherwise it would not have been noticed. 
Almost  every worker who  has  done  much  research  in  connection 
with malarial parasites has seen parasites free, either in fresh or stained 
specimens.  They have  been  so  frequently seen and  described  that 
it seems surprising  that a  true interpretation of their presence in the 
blood did not suggest itself. 
28 Bignami,  A., and Bastianelli,  D. G., quoted from Thayer, W.  S., Lectures 
on the malarial fevers, New York, 1897, 168. 
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Laveran  TM writes of the parasites  as "now free in the blood, now adherent to 
blood corpuscles."  Mannaberg 19 has observed free not only "spores," but "para- 
sites which are developed further than their spore-forming stage," and he  states 
that the way their structure takes the stain is so striking that one is prevented 
from suspecting them to be degeneration forms, or from mistaking them for other 
blood elements.  Canalis  2° has seen free parasites in ~estivo-autumnal infections. 
Thayer  31 describes parasites as free in the cerebral capillaries.  Marchiafava and 
Bignami  e2 have observed free  parasites.  DaCosta  2a  describes  young  parasites 
as  escaping prematurely  from red  corpuscles.  Ewing  24  states  that,  associated 
with intracellular parasites,  he frequently saw young ,estivo-autumnal parasites 
free in the plasma.  Celli  and Guarnieri  25 sketched the appearance of young ex- 
tracellular  bodies,  including forms of at least  two species of parasite.  Gautier 
and  Ziemalm  36  have  observed  free  parasites.  Councilman  and  Abbott  ~  de- 
scribed pigment-bearing bodies in and outside red corpuscles.  Golgi  3s states that 
sometimes parasites may be seen free in the plasma.  Ewing  29 must have attached 
a certain importance to the fact that free parasites were seen in the blood, for he 
has written of them under the heading of "Extracellular  parasites." 
The  parasites  illustrated  in  this  article  were  secured  from  two 
cases of ~estivo-autumnal  infection. 
18 Laveran, A., ]?laudism, translation by Martin, J. W., London, 1893,  12. 
19 Mannaberg, J., The malarial parasites.  A description based upon observa- 
tions made by the author and by other observers, translation by Felkin, R. W., 
London, 1894, 277. 
2o Canalis,  P., quoted from Thayer, W. S.,  and Hewetson, J., Johns Hopkins 
Hosp. Rep., 1895, v, 22.. 
el Thayer, W. S., Lectures on the malarial fevers, New York, 1897, 61. 
~3 Ma~chiafava,  E.,  and  Biguami,  A., in  Stedman,  T. L., Twentieth  century 
practice, New York, 1900,  xix,  291. 
e3 DaCosta, J. C., Clinical h~ematology, Philadelphia,  1901, 365. 
34 Ewing, J., J. Exp. Med., 1900-01, v, 446. 
35 Celli  and  Guarnleri, quoted from Ewing, J., J. Exp. Med., 1900-O1, v, 473. 
26 Gautier  and  Ziemann,  quoted  from  Ewing, J., J. Exp.  Med.,  1900-4)1, v, 
473. 
e7 Councilman  and  Abbott,  quoted  from Thayer,  W.  S.,  and  Hewetson,  J., 
Johns Hopkins Hosp. Rep., 1895, v, 12. 
2s Golgi, quoted from Thayer, W. S., and Hewetson, J., Johns Hopkins Hosp. 
Rep.,  1895,  v,  16. 
39 Ewing, J., J. Exp. Med., 1900-01, v, 472. ~x R.  ~Awso~r  367 
SUMMARY. 
The  anemia  in  malarial  infections  is  explained  by  the  fact  that 
each parasite destroys several red corpuscles. 
Reduction of hemoglobin out of proportion to  the loss of red cor- 
puscles is explained by the fact that there is always  a partial loss of 
hemoglobin  in  certain  of  the  surviving  corpOscles due  to  parasitic 
action. 
Migration of parasites occurs in all ~estivo-autumnal infections.  If 
one wishes to observemigrations, it will save time to study the heavy 
infections. 
Free parasites have been frequently noted by many observers, avho 
have failed to interpret properly their presence in the blood. 
EXPLANATION  OF PLATES. 
PLATE 17. 
~STIVO-AUTUMNAL PARASITES. 
Magnification,  X 1,780. 
FIGS.  1 to 30.  Free parasites in migration.  The pigment granules (at o) are 
evidence of previous attachments. 
FIGS.  31  to 34.  Young parasites on corpuscular skeletons.  In Fig. 34 a  pig- 
ment granule is shown at o. 
PLATE 18. 
~STIVO-AUTUMNAL PARASITES. 
Magnification, X  1,780. 
FIGS. 35  to  37.  Free parasites with  attaching pseudopodia arising from  the 
cytoplasm of the parasites.  Pigment granules  (at  o)  are evidence of previous 
attachments. 
FIG. 38.  Three young parasites freed from one corpuscle. 
FIGS.  39 to 41.  Young parasites with attaching pseudopodia.  Pigment gran- 
ules indicating previous attachments may be seen at o.  In Fig. 41  the filament 
connecting the pigment granule with the parasite is scarcely discernible. 
FIGS. 42  and 43.  Instances of two young parasites freed from one corpuscle. 
In Fig. 42 a pigment granule is seen at o. 
FIGs. 44 to 58.  Free ameboid young parasites.  Pigment granules at o.  Fig. 
57 shows two free parasites; chromatin masses at x. 
FIG.  59.  Two free parasites; one is ameboid, the other at x  is compact. 
FIas. 60 to 63.  Instances of two young parasites freed from one red corpuscle. 
Note that at o  pigment granules may be seen in connection with the parasites. 368  3ESTIVO-AUTUMNAL  MALAKIAL  INFECTIONS 
Figs. 60,  62,  and 63  show pigment granules in connection with  but  one  of  the 
parasites.  In Fig. 63 the parasite at x is compact. 
FIG. 64.  Three young parasites probably freed from one red corpuscle.  The 
two at x  are compact. 
PLATE 19. 
~STIVO-AUTUMNAL  PARASITES. 
Magnification, X  1,780. 
FIG. 65.  A young parasite attached to a red corpuscle almost entirely dehemo- 
globinized, and  an older parasite attached to a  peripheral mound  of a healthy 
appearing corpuscle.  At x  a  young parasite is seen .attached to  a  deeolorized 
corpuscle. 
FIGs. 66 to 69.  These figures show young parasites free and also instances of 
two  parasites attached to  one  corpuscular mound (at  x).  Fig. 67  shows  two 
pigment granules at o. 
FIGS.  70 to 79.  Young parasites attached to fairly healthy appearing red cor- 
puscles,  the  bodies of the  parasites resting on  the  periphery of the  corpuscle. 
Fig. 74 shows a pseudopodinm arising from the cytoplasm of the parasite. 
FIGS.  80  to  84.  Young parasites attached to peripheral corpuscular mounds 
of healthy appearing red corpuscles. 
FIG. 85.  A young parasite attached to a corpuscle by a delicate pseudopodium. 
FIGS.  86  to  91.  Parasites  partly  off  decolorized  red  corpuscles.  Pigment 
granules may be seen at o.  In Fig. 89 a compact parasite is seen at x.  In Fig. 
91 two young parasites are seen attached to a healthy appearing corpuscle, while 
one parasite has decolorized the corpuscle at their right. 
FIG. 92.  A  young  parasite attached  to  a  peripheral mound of a decolorized 
red corpuscle.  Part  of the parasite extends beyond the periphery of the  cor- 
puscle.  A pigment granule is seen at o. 
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